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Summa~

This report describes tne derivation of an empirical formula
expressing the spray throw in terms of the nozzle pressure, the :cone-­
angle of the spray, and rate of flow of water. .Most of the data w~re

taken from an American report describing tests made on spray-nozsl:" f0r
the National Fire Protec'~ion Association. Some data were also· "a-railable
from tests made by the Joint Fire Research Organization. '

The re sult s indicate that the throw of a. sprD,V is a8 r;~tlCh

dependent on the rate of flow and the cone angle OD on the uressure o

All these data referred to pressures between 50 alld 150 lb/sq. iil. but
there is some additional evidence that the throw of sprays at pressnres
of 300 to 600 lb/sq. in. is much less than that given by extrapolating
the dstafor Im1 pressure sprays.
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THE THROW OF WATER SPRAYS

by

P. H. Thomas and P. n. 'T.' Smart
•

Introduction

The purpose of this investigation was to de cermi.ne to what exte::";
;;':10 throw of a spray depended upon pz-essur-e , rate cf"f:'",'- and. the "one
a."l,~le of the spray .and to obtain an empirical t'ormu.la cor-reLat Lng those
var-i.ab.Lea, '

,
Origin of data

The, majority of the data used in the investigation was ' taken from a
r-epor-t published by the National Fire Protection Assoc:ilj.tion entitled
"Studies of Fire Department Fog or Water Spray Nezzles"t 1)~ This report
describes experiments conducted for the COlilluit'i;ce on Fire Depar-tmerrt
Equipment of the National Fire Protection A:osccidion and t!Oe Inte:mational
Association of Fire Chiefs at Elmira, Hew Yc:rJc. O'~::-,er data were
obtained from experiments conducted by ';;1'.e Joir:-: :!'ire Resezir'ch Organization
on some commercial spray nozzlest 2). '

The American report gives photographs of various spray nozz:,s3
operating in front of a vertical background marked.' into 2 ft. s quax'e s ,
From each photograph, an estimate of spray throw could be made. 'The
nominal cone angle 'of each spray was also stated as either 300, bOO or
900 but estimates of the cone angle of the spray Leavang t the naz,z}"
were also made from the photographs. The pressures were 50" ~CQ, ar.'::'
150 Ib.sq.in. and the rates of flow,v~ried between 10 and 430 g.p.mo

The defination of the sprays was not sufficiently' sharp t~' enabl.e
a precase measurement of the cone angle and throw. ani six observer-s'
selected randomly were asked to estimate thrOVI ani cone-angle from' t'ile::.v,'
typical photographs in the report so that the statistical estimate of
the variation between observers could be' caloulated. The standard
d"viatians, between observers were subsequently fO~"ld,to be approximately
3 feet for 'spray-thrOl'I and 70 for cone-angle. "

Two of these,observ~rswhose respective estimates of,spray-thrm.
and cone-angle had the least deviation fr6m' the average' of the sdx coscrves-s
then evaluated the spray throw and cone angle' f or the sixty-t;\'9 photographs '
ava.iLcb'Le in the National Fire Protection Association reportt ,I). :

Resu.lts of anal,ysis

(1) Data from National Fire Protection Association report ( 1 ) .

From a conventional r-egr-eas i.ontanaIysi.s of the estimates of ,thr.::>w
and cone angle and the stated values of prc~st'J:"8' '~~:G. :r.~.te of f:'cm m?:l."
by one observer, the f o.LLowdng fonnula Vias ob'cai'1,,,a;

t = -0'36 +0·S5r -2·090. + 0·36:1' + i·e} a-a "'0." ('I)
where small letters denote the Lcgnr-Lbhms to b?::e ~O of the q,_,.p.;,tities
T =thrOIl in feet
R = rate in imperial gal/min
A = Tan. (Total cone ~)

4
P =Pressure lb/sg. in.

100
Thus t =Log T. etc.

The choice, of a measure of cone angle used in the, anal;ysis was
g~:err.ed by the consideration that a zero cone angle Vlould give the
largest possible throw and a cone angle of 3600, the least possible.
By taking the tangent of ~ of the, total cone' angle the upper and, lower
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limits of A become 00 ani! 0 and therefore the range of 'a' became 00 7-0
+00 ani! this would tend to avoid ~ sheer distribution. SimilarJ.y ',1:::>
logarithm of the lower limit of prcssure ~~Q rate become -00

The residual varianc~ of t, ls. calculated above is 0-013 gavang a
standard deviation of 0·114_ This corresponds to a factor of 1·30 On ~

for a typical throw of 20 ft. or to a variFlhon of 6 ft.· This appear-a
te QC significantly larger than the stand~rd deviation. between the 81x
observer-a even if allowance is made for the err-or in :-,aci.ing t.he cone
ar,gle. The variation between thJ throw of the various sprays is
t;1crefore not Wholly accounted for by the errors in measurement and the
parameters chosen as independent variables_

Although the interaction terl (1-03 r.a) was found to be significant
Leavi.ng this term out does not markedly ino:-:-e'ase tho residual var-i.ancc
of 't'. The best formula without this in+.eractionis '

I
t =0-396 + 0-36 r - 0-570. + 0·2op

and the residual variance of 't' ~s· inc:'Gaacii to ('''0:;.

(2) Data from Joint Fire R,Jsearcn orga.n:lSe:Cion- repor-t: (2) _.

I
Although only seven test results were availabJ.e and these we're all

for one pressure, a regression ane.a:ysis was made as for t.he oth"r 8ata
except that throw was estimated fr~m water distribution diagr8ns. ~he
formula was' obtained as

. t =0;34 + 0·55 r -0·39 a (3)

The data included two hollow sprays but this factor was not. .founa,
significant_ Giving to the largeivariation the cone ar~le term was
barely significant but has been included nevertheless. .

Discussion

If equatiom (2) and (3) are compared it is seen, that the nume:,icaJ.
values of the indices on rate and 90ne angle are different. These
differences however .are not significant and the two sets of data can be
regarded as one combined set. Sirice the values of pressure incorp0rated
in equation (2) are not significantly correlated with those cf rata OT
cone angle it is possible to combi~e the two sets of data by combining
equations (2) or (3). The resulting equation is

I
t =0.34 + 0.37 r -o·54a + 0-28p

, I
The residual variance of It' is 0.015.

This differs little from equati.on (2) becan."e that e qua't Lon
incorporates nearly 10. times more data tr.an ,iGOS equs.t Lon ()) •.

The results show that the ratJ. a~d the cone ang l.e rare as imp,'!'tant
as the pressure in dete~mining the Ithrow. If, for examp Le the ;:r,c''l3ure

, . is doubled, the throVi according to equa't i.on (1), j.B rncr-eascd :'lY 8.

factor of 1·3_ The effect of rate depends on bhe cone aq,:le and if this
is taken as 900 the throw is incre~sea. by t : 37 when the rate is doubled
under the same conditions, while if1the cone angle is 60° the increase'
of' throw is by a factor of 1.21. On the. other hand at a rate of
20 gal/min_ a decrease of cone ang~e from 90 0 to 600 increases the throw

by a factor of 1 -43_ ,I '
If, as might be .expeoted the spray momentum were a determining

factor we would cxpect the index o~ nozzle pressure to be half· that of
the rate of flow. For silnplicity ~his has been studied by means of
equation (2) from which'it may'be deducted thatthe·difference betucen
half of o·36 1. e. 0'1.8 and 0', 28 is hot significant. in view of the error
associated with each index. ...'
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Table 1

Differences between calculated and measured values ­
of throw for some high pressure sprays.

-
Pressure Cone angle '. Rate ThroVi (feet)

(lb/sq. in•.) (g.p.m.)

- Calculated Measured from
from eqn( 1) photographs

300 68'0 120
,

31 , 20
,

-
300 560 15· 8 '20 6 ,

-
600 530 21·3

,
29 9

600 270 9·75 58 12

There are few data for sprays at pressures in excess of 150 Ib sq. in.
but some photographs of such llPrays arc given .in a report of the National
Board of Fire Underwriters (3) and these have been considered in relation
to the above formula.

High Pressure sprays

Vi~uQ-l estimates' of the throw from photographs of some high pressure .
sprays ~3} have been made as' for the other data and have been compared
with the values calculated from·equation·(1) (see Table 1). This has
shown that at higher pressures, the equation overestimates the throw by
a large amount so the effect of pressure is in fact less than indicated
by ·the formula where it is extrapolated to higher pressures•.

Conclusion

The anal,ysis of data based' on over 60 spray conditions shows that
,the thrO'ii of a spray is increased by increasing the rate and the pressure
and by decreasing the cone angle. The quantitative estimates of these'
effect show that all three factors ere of comparable importarice. The
evidence supports the view that the energy available at the nozzle
rather then the momentum of the sprBY determines the throw of a -epray
of given cone angle. The effect of pressure determined from the" -.
anal,ysis which is'. confined to preSSUl'C5 -be Low 150 Ib/sq. in. diminishes
with increasing 14'essure.

I
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